Abstract. Stainless steel was used for many engineering applications. The optimum parameters needs to be identify to save the cutting tool usage and increase productivity. The purpose of this study is to develop the surface roughness mathematical model for AISI 304 stainless steel when milling using TiN (CVD) carbide tool. The milling process was done under various cutting condition which is cutting speed (1500, 2000 and 2500 rpm), feed rate (0.02, 0.03 and 0.04 mm/tooth) and axial depth (0.1, 0.2 and 0.3 mm). The first order model and quadratic model have been developed using Response Surface Method (RSM) with confident level 95%. The prediction models were comparing with the actual experimental results. It is found that quadratic model much fit the experimental result compare to linear model. In general, the results obtained from the mathematical models were in good agreement with those obtained from the machining experiments. Besides that, it is shown that the influence of cutting speed and feed rate are much higher on surface roughness compare to depth of cut. The optimum cutting speed, feed rate and axial depth is 2500 rpm, 0.0212 mm/tooth and 0.3mm respectively. Besides that, continues chip is produced at cutting speed 2500 rpm meanwhile discontinues chip produced at cutting speed 1500 rpm.
Introduction
Stainless steel AISI 304 is categorized of very high corrosion resistance metal. This metal has a wide range of excellent mechanical properties which couldn't find in any other alloy. Stainless steel AISI 304 is categorized has austenite stainless steel. Besides that, stainless steel AISI 304 is a material which is very difficult to machine [1] . Therefore, the machining of stainless steel accompanied with very high machining cost due to the difficulties. Poor surface integrity and very less tool life are among the common difficulties of these materials. In the modern industries, the machining is mainly focused on surface quality of product in term of surface roughness, dimensional tolerance and also high rate of tool life. Surface roughness is one of the complicated parameter in end milling which the process dependent on several factors such as spindle speed, feed rate and depth of cut [1] . Besides that, there some uncontrolled factor (tool geometry and workpiece material) that also influenced the surface roughness on product. Most of the industries are using 'try and error' method to find the perfect cutting parameter to find the finest surface roughness in their product [2] . However, this is not an efficient method to find the optimum cutting parameter in machining because this process can be very time consuming Surface finish influences not only the dimensional accuracy of machined part, but also the mechanical property of the part, especially the fatigue strength. The surface finish describes the geometrical feature of surface which in turn determines the fatigue life and corrosion life [3] [4] . Recent investigation performed by Alauddin, El Baradie [5] has revealed that when the cutting speed is increased, productivity can be maximised and, meanwhile, surface quality can be improved. According to Hasegawa, Seireg [6] , surface finish can be characterised by various parameters such as average roughness (Ra), smoothening depth (Rp), root mean square (Rq) and maximum peak-to-valley height (Rt). The present study uses average roughness (Ra) for the characterisation of surface finish, since it is widely used in industry. By using factors such as cutting speed, feed rate and depth of cut, Alauddin, El Baradie [7] [8] have developed surface roughness models and determined the cutting conditions for 190 BHN steel and Inconel 718. A large relief angle may reduce friction between the tool and workpiece, but excess relief angle reduces the support under the cutting edge, thereby causing failure under heavy-duty operation, and may result in inferior surface roughness on machined parts [9] [10] . However, the variations of both tool angles have important effects on surface roughness. In order to model and analyse the effect of each associated factor and minimise the number of cutting tests, surface roughness models utilising the Response surface methodology [11] [12] and the experimental design are carried out in this investigation. This paper will present the mathematical model to predict surface roughness for end milling process.
Statistical Method
Box-Behnken design was totally an independent quadratic design in that it does enclose with fixed factorial design. The less combination of design in Box-Behnken will make it to smaller extent of the experiment [13] . Since these designs are ratable, therefore, it required minimum 3 level of factors. After run some preliminary test, the appropriate levels of factors were used to actual machining test. In this experiment, three factors have been chosen to which are cutting speed, feed rate and depth of cut. Table I shows the level of factors to be design. 
Experimental Set Up
These experiments were carried out using HAAS CNC milling machine. Machining was done on 3 varying cutting parameters which consist of cutting speed, feed rate and depth of cut using a standard water soluble coolant. The combination of cutting parameter for each experiment has shown in Table  II . The length of each cutting is 180 mm. the machining was conducted in one way with 3 varying axial depth of cut which is 0.1, 0.2 and 0.3 mm. The surface roughness measurement was carried out after each of experiment conducted using Pethometer. The surface roughness measurements were taken in three point in cutting zone which consist of Ra 1 (µm), Ra 2 (µm) and Ra 3 (µm) as shown The cutting tool used in this study is X-shaped insert attached on an end milling holder of 32 mm diameter. The tool insert were made by Ceratizit and the ISO catalogue serial number is XDKT 11T308SR-F50. This coating specification of the insert is TiN (CVD) and the coating size is 3 µm. The cutting inserts used in this experiment are shown in Fig. 2 
Result and Discussion
The first order linear surface roughness model has been developed between the machining responses. The relationship between the independent variable on the surface roughness can be represented by the following Eq. 1.
(1)
Engineering and Innovative Materials V
where y' is the surface roughness, m,n,p and C is constant. However, Eq. 2 can be written as following term.
(2) where y' is the surface roughness, χ 0 is dummy variable which is equal to 1, χ 1 = cutting speed, χ 2 = feed rate, χ 3 = axial depth of cut, β 0 , β 1 ,β 2 and β 3 are the model for the cutting parameter. The first order linear equation has been developed to predict the surface roughness of AISI 304 stainless steel which is expressed as:
(3) The first order model was certified with analysis of variance (ANOVA). The model was checked for adequacy at level of confidence 95%. The P value of the lack-of-fit are not significant the for first order linear surface roughness model since the P value is 0.494.
The multiple order quadratic surface roughness model has been developed between the machining responses. The relationship between the independent variable on the surface roughness can be represented by the following Eq. 4. (4) where y' is the response of surface roughness, m,n,p,q,r,a,b,z,d and C is constant. However, Eq. 5 can be written as following term.
where y' is the response of surface roughness, χ 0 is dummy variable which is equal to 1, χ 1 = cutting speed, χ 2 = feed rate, χ 3 = axial depth of cut, β 0 , β 1 , β 2 , β 3, β 4, β 5, β 6, β 7, β 8 and β 9 are the model for the cutting parameter. The multiple order quadratic equation has been developed to predict the surface roughness of AISI 304 stainless steel which is expressed as:
The quadratic model was certified with analysis of variance (ANOVA). The model was checked for adequacy at level of confidence 95%. The R-squared value for quadratic model is 77.16% and this proved that predicted result is close to the experimental value. The P value of the lack-of-fit are not significant for the multiple order quadratic surface roughness model since the P value is 0.535 [2] [10]. This means, the quadratic model is much fit the actual results compare to first order linear model. Fig. 3 shows the experimental and prediction result for surface roughness. It shows that the quadratic model prediction value very close to the experimental value compare to linear model prediction. This is because the pure error for quadratic model prediction is very low which 0.004154. Meanwhile, for linear model prediction the pure error is 0.045514. Fig. 4 and Fig. 5 shows that the increase in the feed rate will cause the surface roughness to increases at cutting speed 1500 rpm [10] . However, reducing the axial depth of cut will reduce the surface roughness of the workpiece. Besides that, by increasing the cutting speed will cause reduction on the surface roughness. Therefore, the finest surface roughness will obtain at high cutting speed, low feed rate and axial depth of cut. These results were supported by Dureja, Singh [15] which the surface roughness increases when the cutting speed increases at cutting speed above 1035 rpm. The optimum cutting parameters for stainless steel AISI 304 were found using the response optimizer. It is predicted that the optimum parameters to mill Stainless Steel AISI 304 as shown in Table V. There are two type chip produced throughout the experiment which is continues and discontinues chip. Fig. 6 shows the continues chip produced during cutting speed at 2500 rpm meanwhile Fig. 7 shows discontinues chip produced during cutting speed 1500 rpm. As expected, the chip shaped is
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Engineering and Innovative Materials V highly depending on the cutting speed [16] . The higher the cutting speed the more chip produce continuously [16] . As the cutting speed increases the worn area on the workpiece also enlarge and contribute to high in temperature in cutting zone and produce continues chip without breaking [16] . 
Conclusion
In milling process of Stainless Steel AISI 304, cutting parameter such as cutting speed, feed rate, and axial depth contribute the major part to determine the surface roughness of workpiece. From the first order model, it is noticed that feed rate and axial depth affected the surface roughness more significantly compare to cutting speed. Meanwhile, quadratic model predicted that cutting speed and feed rate affected the surface roughness much more significantly. However, quadratic model having less pure error which is 0.004154 compare to linear model which is 0.045514. In general, the influence of cutting speed and feed rate are much higher on surface roughness compare to depth of cut. The optimum cutting speed, feed rate and axial depth is 2500 rpm, 0.0212 mm/tooth and 0.3mm respectively. Besides that, continues chip is produced at cutting speed 2500 rpm meanwhile discontinues chip produced at cutting speed 1500 rpm.
